A study was done to clone a cDNA of the Malaysian mahseer (Tor tambroides) growth hormone (GH) gene. In this study, an RT-PCR technique was used to isolate the GH gene using RNA extracted from brain tissue of T. tambroides. The fragment obtained was purified and cloned into pGEM-T easy cloning vector. The GH cDNA of T. tambroides consists of 1,189 nucleotides (nt) excluding the poly (A) tail, with a 36 nt untranslated region (UTR) at the 5' region and a 520 nt UTR at the 3' region. The GH cDNA contains an ORF of 633 nt and encodes for a polypeptide of 210 amino acids (aa), including a signal peptide of 22 aa. Comparison of the T. tambroides GH gene with other teleost GH genes indicated that it has the highest similarity with C. carpio GH type 1 (GHI) with which it share 99% and 98% homology in terms of amino acid and nucleotide sequences, respectively. Molecular characterization of the T. tambroides GH gene showed it exhibits typical GH features similar with other teleost GH genes. Therefore, the GH sequence of T. tambroides was successfully isolated and the sequence added to the GenBank database (JF428142). This is the first report of the isolation of a GH gene from this Malaysian indigenous species, and will assist in understanding the molecular characteristics of the T. tambroides GH gene. This could lead to the use of molecular approaches to better understanding the growth of T. tambroides and give an insight into the molecular aspects of its growth performance in aquaculture.
INTRODUCTION
Growth hormone (GH) is one of the most important hormones involved in growth processes especially for promotion and maintenance of somatic growth in vertebrates (Yowe and Epping, 1999) . Besides regulating growth, it also regulates other physiological functions in fish including metabolism, immune response, reproduction and osmoregulation (Cavari et al., 1993; Filby and Tyler, 2007; Sakamoto et al., 1997; Yada, 2007) . Due to this, GH cDNA has been isolated and characterized from different orders and families of many fish species including Cypriniformes (Agellon et al., 1988; Anathy et al., 2001; Chang et al., 1992; Filby and Tyler, 2007; Inoue et al., 2003; Saito et al., 1988; Venkatesh and Brenner, 1997) . GH, which is a single chain polypeptide secreted in the anterior pituitary portion of the fish brain, has been studied extensively in understanding the structure-function relationships, evolution and regulation of gene expression. However, understanding of the GH gene in indigenous Malaysian fish species is still limited and has not been extensively explored.
Malaysian mahseer, also known as kelah, is one Malaysian indigenous species, a freshwater fish which is very valuable for consumption and commands a good price in the market (Nguyen et al., 2006) . This fish has been successfully propagated and efforts are underway to commercialize production of this species, also reared for conservation purposes. Nevertheless, study of the GH gene which affects growth of this fish is still limited. Moreover, previous studies have shown that the coding region of GH gene sequences are less similar among teleosts species than between terrestrial species. The size of the GH gene varies among species (Law et al., 1996; Marins et al., 2003) . Although the GH gene has been isolated from many different fish species, there is no information on GH gene sequence in T. tambroides and whether the sequence is similar or not with other GH genes is still unknown. The study of growth hormone in this fish is very important in providing additional information in terms of molecular development, and so the goal of this study was to isolate and characterize the GH gene fragment from T. tambroides.
MATERIALS AND METHODS
In this study, five sense and five antisense primers based on the cypriniformes and Cyprinus carpio GH gene sequence (JF428142) were designed using Primer Premier 5 software (Table 1) . In order to isolate the partial and full-length coding sequences of the Tor tambroides GH gene sequences, these primers were used to amplify 5 different target regions: from start codon to highly conserved region (CFKKDMHKVETYL); coding sequence from start to stop codon; 5' to 3' untranslated region (UTR); highly conserved region to stop codon; and 3' UTR ( Figure 1 ). The primer pairs TGHS1 and TGHA1 (A) and THGS2 and TGHA2 (B) which are composed of 23 to 25-mer oligos were used in RT-PCR to generate 582 and 587 bp partial fragments, respectively, from ATG to highly conserved region, 100 bp from the stop codon. The combinations of TGHS1, TGHS2 and TGHA3 (C) (D) and CGHS1, CGHS2 with CGHA2 (E) (F) which are composed of 22 to 26-mer oligos, generated 633, 701 and 705 bp full-length GH sequences, respectively. Meanwhile, the combination of specific CGHS3 with TGHA3 (G) and CGHSA1 (H) primers which are composed of 21-26-mer oligos, generated 127 and 586 bp partial GH fragments from the target fish, respectively ( Table 2 ). The GH gene fragment of T. tambroides was RNase inhibitor, 5% Dimethyl sulfoxide (DMSO), was prepared and mixed into 0.2 ml PCR tube. DEPC-treated water was added to make up to 25µl. The mixtures were mixed by tapping and spun briefly for 5 seconds. The PCR samples were then put into the thermal cycler (MJ PTC200, USA) and reverse transcribed at 42°C for the initial reverse-transcription step and 95°C to denature the RT enzyme and activate DNA polymerase. After that, 35 cycles of amplification was performed which consisted of denaturation at °C for 30 seconds, annealing at 58 to 62°C for 30 seconds and extension at 72°C for 30 seconds, followed by final extension at 72°C 10 minutes. The resulting PCR fragment was purified using a commercially available Wizard® SV gel and PCR clean-up system by Promega, and later cloned into pGEM-T Easy cloning vector (Promega, USA). The positive clones were sequenced and analyzed. The sequence was imported into BLAST (NCBI) in order to identify the similarity of the sequence, in terms of their E-value and query coverage, with other GH gene sequences in the Genbank database (http:// www.ncbi.nlm.nih.gov). Later, the nucleotide and protein sequences obtained were compared with other teleost GH gene sequences from the Genbank database.
Multiple alignments from 36 nucleotide sequences of GH ORF were conducted using the ClustalX program and were used in phylogenetic analysis, carried out using PAUP* version 4.0 b10 (Swafford, 2000) with Maximum Likelihood and Neighbor Joining algorithms in order to estimate the phylogeny.
For Maximum Likelihood analysis, a hierarchiral likelihood ratio test (hLRT) was performed using Modeltest version 3.7 (Posada and Crandall, 1998) to determine the best model of evolution with an a value of 0.01. The best fit evolutionary model selected for the sequence data set was the Kimura 2 Parameter model with Gamma distribution (K80 + G) and estimated base frequencies of A= 0.25, C= 0.25, G= 0.25, T= 0.25; Base=equal Nst=2; a Ti/tv (transition/ transversion) rate of 1.8089; a G (gamma) distribution shape of 0.7729 and zero proportion of invariable sites. The K80+ G model and maximum likelihood parameters were then used to reconstruct the maximum likelihood tree using PAUP*. Neighbor-Joining trees were constructed from dissimilarity values computed using the same maximum likelihood settings. Data were resampled using 1000 bootstrap replicates (P>0.001) to determine the confidence limits of tree topology using a heuristic search with a tree bisection-reconnection (TBR) branch swapping algorithm. In this analysis, Bos taurus was used as an outgroup (Accession number: NM180996).
RESULTS AND DISCUSSION
The sequences of cDNAs were determined using different amplification products covering the entire GH cDNAs from Tor tambroides. Sequence results showed that the GH encoding cDNA of Malaysian mahseer, T. tambroides was 1,189 nucleotides long, with a 36 nt untranslated region (UTR) at the 5' terminus and a 520 nt UTR at the 3' terminus. The GH cDNA contains a 633 nt ORF starting at the first ATG codon and ending with a TAG stop codon. The analysis of the predicted amino acids encoded by T. tambroides GH CDNA indicated that the sequence encodes for a protein of 210 aa. The primary structure of T. tambroides GH polypeptides deduced from the ORF contains a putative 22 aa signal peptide with a signal peptide cleavage site at Ser 23 and 188 aa of the mature peptides (Figure 2 ). Since the first 22 aa residues from the N-terminus are highly hydrophobic (77%) and have a high degree of homology to the signal peptide of other fish GHs, this 22 aa residues might comprise the signal peptide
The N-terminus aa residue of the mature T. tambroides GH is serine. This mature protein start aa can vary among species. For example, the mature GH of bluefin tuna and red seabream start with glutamine (Momoto et al., 1988; Sato et al., 1988) . On the other hand, the first aa residue of the mature eel GH is valine (Saito et al., 1988) and other species like chum salmon, coho salmon and rainbow trout GH start with isoleusine (Agellon et al., 1988; Gonzalez-Villasenor et al., 1988; Sekine et al., 1985) . The present study has shown that the signal peptide of T. tambroides was the same as observed in the GHs of carp and salmonid which are cleaved upon hormone secretion (Koren et al., 1989; Meire et al., 2006) . However, this signal peptide was 4-5 amino acids shorter than the mammalian GH genes (26 aa in rat and human; 27 aa in bovine GH), and 3 to 5 residues longer than signal peptides of eel and seabream, respectively. Koren et al. (1989) stated that the sequence of the signal peptide is more divergent among species than that of the mature GH polypeptides.
Tor GH shares structural features which are also conserved in carp, chicken and human GH sequences (Figure 3 ). The four cysteine residues (Cys 71, Cys 183, Cys200 and Cys 208 ) in this fish are located in similar positions in almost all GH polypeptides including fish, human, bovine and porcine GHs. Cysteine residues which are capable of forming two disulphide bonds, were assumed to contribute to the tertiary structure of the hormone molecule. This is supported by previous studies on human and bovine (Carlacci et al., 1991; Somer et al., 1994) . Since these residues are located at nearly identical locations in all GHs, it is expected that these residues play an essential role in structural integrity and in maintaining the biologically active form of GH. Nevertheless, the extra cysteine residue (Cys 145 or Cys 123 from the mature polypeotides) in T. tambroides and common carp are also found in the GHs of other carps such as in goldfish and milkfish (Chang et al., 1992; De Jesus et al., 2002; Law et al., 1996) . The number of unpaired Cys residues affects the proper refolding due to the formation of oligomers (Law et al., 1996) . The extra Cys residue in carp was first suspected to be the cause of the low yield of properly refolded recombinant GH (Fine et al., 1993) . For instance, it has been found that the extra Cys is not involved in improper refolding of recombinant carp GH because mutating this Cys to Ala did not improve the yield of monomeric GH, suggesting that this extra Cys is located in the hydrophobic core of the hormone (Fine et al., 1993b) . Therefore, it is possible that the cysteine residue in will be similar to carp GHs. Other than that, there are two Asn-Xaa-Thr/Ser motifs in the T. tambroides GH aa sequence (Asn 155 , Asn 207 ) which are potential sites for N-linked glycosylation (Lemaire et al., 1994; Marins et al., 2003) . Two similar sequences have also been observed in the GH sequences of carp, giant catfish, salmon and tilapia, while only one was found in those of chicken, yellowtail, tuna, flounder, eel and sole (Pendon et al., 1994) . However, none was found in mammals. Furthermore, a single tryptophan residue (Trp 104) was found in T. tambroides similar to that observed in carp, chicken and human GH aa sequences. This residue has been reported by Marins et al. (2003) in marine silverside fish, Odenthesthes argentinensis as one of the characteristics of GH. This also has been reported in mullet, Mugil platanus and halfbeak, Hemiramphus brasiliensis (Meire et al., 2006) . Although this residue was not reported in most studies, it can be seen that it is conserved among the teleost GHs. Tryptophan is usually buried in hydrophobic protein cores and may involved in stacking interactions with other aromatic side chains.
In this study, the comparison with other GHs and their homologous domains has shown that the GH cDNA of T. tambroides shares the five main conserved domains (GD1, GD2, GD3, GD4 and GD5) located at the same location not only with common carp, human and chicken, but also with the other GHs (Watahiki et al., 1989) . These domains, contributing to the GH specific structural and biological features, may play an essential function in the activities of GH. Analysis of domain structure showed that the GD1,GD2, GD3 and GD4 regions are arranged on the outside, while the GD5 region is restricted to the inside of the molecule. Thus, the GD1, GD2, GD3 and GD4 domains are considered to be involved in the specific binding of the GHs, while the GD5 domain may participate mainly in the formation and stabilization of GH-specific configurations (Watahiki et al., 1989) . Other than that, a stretch of 13 residues (CFKKDMHKVETYL) of the C-terminal region (183) (184) (185) (186) (187) (188) (189) (190) (191) (192) (193) (194) (195) of the aa sequence of T. tambroides is totally conserved with common carp and all known GHs except for several mammalian and high organism species (Figure 3) .
It has been shown that in chicken and human GHs there are 1 and 3 different aa sequence, respectively (Saito et al., 1988) , and these are the only regions which have strong similarity among the various vertebrate GH sequences. Thus, these conserved regions are thought to be essential for either tertiary folding/hormone or binding/hormone receptor interactions (Venkatesh and Brenner, 1997) .
The aa sequence predicted from the T. tambroides cDNA sequences were compared to those of GHs from other fish. In this comparison analysis, the deduced amino acid sequence of T. tambroides GHs showed four levels of homology with other GH molecules. (Bos Taurus and Rattus novegious) . In this analysis, Tor GH had the highest similarity with Cyprinus carpio GH with which it shared 99% and 98% homology in terms of amino acid and nucleotide sequences, respectively (Table 3) .
The phylogenetic analysis divided the studied fish into two major groups (Figure 4 and Figure 5 ). As discussed above, it can be seen that the fish were separated according to their intron type: while members of Ostariophysi possess only four introns, members of superorders Protacanthopterygii and Acanthopterygii, which share a common origin, have five introns (Clements et al., 2004; Venkatesh and Brenner, 1997) . The Cypriniformes and Siluriformes, which are grouped together in a superoder Ostariophysi, are sister orders to Salmoniformes (Protacanthoperygii), Perciformes and Scorpaeniformes (superorder Acanthopterygii), probably derived from a common ancestor (Lemaire, et al., 1994; Venkatesh and Brenner, 1997) . Acanthopterygii, Perciformes and Scopaeniformes have been grouped as a monophy letic lineage by Meire et al. (2006) . Thus, the result obtained showing that the fish were clustered according to their taxonomic groups and phylogenetic grouping supported the present fish classification (Nelson, 1994) . In this analysis, Cypriniformes was recovered as a monophyletic group with strong bootstrap support (Jr et al., 2010) . This order was divided into several groups according to family: Cobitidae, Catostomidae and Cyprinidae. The phylogenetic grouping of catostomids with cyprinids rather than cobitids in the NJ tree ( Figure  5 ) was similar as several previous tree analyses, using both the NJ method (Clements et al., 2004) and Maximum Parsimony (MP) (Jr et al., 2010) . This shows that Cobitidae was paraphyletic with respect to Catostomidae and Cyprinidae. The Cyprinidae was monophyletic except for Danio rerio. A previous study showed that Cyprinidae families were always determined as monophyletic with strong nodal support while the subfamily Rasborinae was never documented as a monophyletic and the included species were always determined to be different, unrelated clades or lineages (Myden et al., 2009 ). The newly cloned T. tambroides GH gene sequence is clustered monophyletically with strong bootstrap support. As expected it was very close to the C. carpio GH gene sequence as they are located in the same clade and derived from the same family. Hence, this analysis proves that the sequence obtained was GH gene has high similarity with other teleost GH genes in terms of structure and relationship.
CONCLUSION
In this study, the GH gene of T. tambroides has been successfully isolated and cloned. The aa sequence predicted from the cDNA brings new information about the GH structure of a teleost which a Malaysian indigenous species. In Malaysia, the isolation of GH genes is still rare and many studies only focus on fish species from temperate countries. Our data was the first to report on the isolation of the GH gene from a Malaysian indigenous species, a finding which helps to understand the molecular characteristics of the T. tambroides GH gene and may lead to the production of a recombinant GH gene protein, and molecular analysis in order to better understand growth determination through GH regulation. This would give an insight into the molecular aspects of the growth performance of a species which is known to have a slow growth rate. The finding is hoped to assist researchers and aquaculturists to improve the growth performance of cultured T. tambroides in the future. 
